The Magnetic Field Measurement (MFM) sensor has been designed to measure the geomagnetic field deviation induced by the low latitude Sq current system. The magnetometer system used in this rocket experiment is a triaxial fluxgate magnetometer with ring-core sensors. It has a detectable geomagnetic field range of ±65,535 nT and has a high resolution of 0.2 nT/bit for each axial component. Magnetometer is also one of attitude determination sensors during the flight of rocket. And the Sun Aspect Sensor (SAS) using the CMOS linear image sensor is loading in this rocket experiment, simultaneously. It has a detectable angle range of ±60 degrees in the direction of elevation angle and has a high resolution of 0.5 degree/bit. In this paper, we deal with both instruments of MFM and SAS, and the method of rocket attitude determination using the data for NCKU SR-10 sounding rocket in the Taiwan-Japan Space joint experiment.
Introduction
The equatorial electrojet (EEJ) is an enhanced eastward electric current, flowing in the day-side in the E region (∼90-130 km altitude) of the ionosphere within ±3 degrees of the magnetic equator. The primary reason for this high current density is the geomagnetic field geometry, which exhibits horizontal lines of force at these latitudes. Its mechanism can be described as follows. In the dayside ionosphere, the neutral winds set up a polarization electric field which usually points into the eastward direction. At the magnetic dip equator, where the magnetic field is exactly horizontal, this electric field and the resulting upward E × B drift of the electrons generate a negative charge at the top and a positive charge at the bottom of the E-region. The resulting electric field prevents the further upward drift of electrons. Instead, they are now propelled westward by the eastward electric field. This westward movement of the electrons constitutes an eastward electric current which is called the Equatorial Electrojet. The motion of the ions is largely inhibited at this altitude, due to their collisions with the neutral gas.
The effects of the EEJ were noticed as early as 1920 at the Huancayo equatorial geomagnetic observatory in Peru, as variations with abnormally large amplitudes in the horizontal components of the magnetic field. Cowling (1933) was the first to recognize that in such a field configuration the Hall current, flowing normal to the boundaries (non-conducting atmosphere at the bottom and effectively collision-less plasma at the top), is restricted, setting up a vertical electric field which in turn causes a significant enhancement of the conductivity (Cowling Conductivity) parallel to the boundaries. Egedal (1947 Egedal ( , 1948 discovered the equatorial electrojet (EEJ) as an electric current that flows in a narrow zone of approximately 600 km in width above the magnetic dip equator. This intense electric Copyright c TERRAPUB, 2013. current, which flows in an eastward direction during daytime, was named the "equatorial electrojet" by Chapman (1951) . The EEJ represents a rather large enhancement of the diurnal variation in the horizontal or surface component of the geomagnetic field at and in the vicinity of the dip equator. The dip equator differs from the geomagnetic and geographic equators and is defined as the line at which the angle of inclination I (or dip angle) of the geomagnetic field B0 is zero. The EEJ is characterized by its very high current density and eastward flow along the dip equator during the daytime hours, especially around local noon. The high current density is primarily attributed to the horizontal geomagnetic field lines at these latitudes. Measurements of the EEJ parameters have been obtained from ground geomagnetic observations (Forbes, 1981; Rastogi, 1989) , from sounding rockets (Pfaff, 1991; Onwumechili, 1997) , and from low-Earth orbiting satellites (Cain and Sweeney, 1973; Onwumechili and Agu, 1981; Langel et al., 1993; Jadhav et al., 2002) , as well as from ground radars. In addition, the overviews of EEJ are summarized intelligibly by Reddy (1989) and John (2005) .
The Sq current is a current system which flows into the ionosphere which altitude is 100-120 km, when the geomagnetic activity is quiet. The form is the vortex current which has a center at 30 degree latitude and the near noon in the local time. Since it originates in the dynamo accompanying the solar tide of neutral atmosphere and produces, this current system shows the distribution asymmetrical at the summer and winter hemispheres.
In the middle and low latitude, it is the beginning that Burrows and Hall (1965) measured by the rocket experiment which observes directly the minute magnetic field change induced from Sq current system with the magnetometer carried in the rocket with the proton magnetometer in 1964. Further, many rocket experiments which measure the magnetic field change induced from Sq current at different latitude performed Cahill (1959) , Maynard and Cahill (1965) , Davis et al. (1965) and others. It was observed from 1965 to 1970 by the magnetometer which loading in a rocket magnetic field change considered to induce from Sq current system at KSC (Kagoshima Space Center; 41.1N, 100.3E) even in Japan. (Aoyama et al., 1965; Ogawa et al., 1970) . Fukushima (1979) predicted that the potential difference based on the center of Sq currents reached about 1kV order in both summer and winter hemispheres and a field aligned current to summer hemisphere arose from the winter hemisphere (Inter-hemispheric field aligned current). In the temperature profile acquired around 11:00 a.m. of winter, it was reported that the example for which the electron temperature rise locally altitude 100 km of the ionosphere lower part-near 110 km is seen (Oyama and Hirao, 1979) . Yumoto et al. (2010) analyzed the mechanism of global Sq current system including the equatorial electro jet currents and the field aligned current which connects between both hemispheres with the low latitude by the side of daytime, using the ground multi-point observation data set obtained from the 210 MM Magnetic Observation Network in the Circum-pan Pacific Magnetometer Network (CPMN) on the magnetically quiet day for the past ten years. Kohta et al. (2010) analyzed the Sq vortex structures using the multi-point ground-based magnetic field observation data set, also. Abe et al. (2008) observed the thermal electron energy distribution in the lower ionosphere by S-310-37 sounding rocket. In electron energy distribution, increase of the thermal electronic ingredient was overly observed near advanced about 125 km at the ascending time. The high electron temperature layer existed in advanced about 97 to 101 km from the observation by an electron temperature probe at the descending time. It was shown that an electron is accelerated by high altitude and the plasma instability arises from these results in the connection with it rather than a high electron temperature layer. These observation results show the existence of a field aligned current which connects the Sq eddy current center of both hemispheres.
The magnetic field deviations by the Sq current are assumed to be about 20-50 nT from some rockets observations and the ground multi-point observation data. In order to make clear the spatial mechanism of the Sq current system by the rocket observation, it is necessary to measure the magnetic field vector with the high sensitivity magnetometer simultaneously with the electron density, the electric field, and the plasma density, etc. Furthermore, in order to analyze each measurement data correctly, it is necessary to determine the attitude of a rocket. Therefore, the accuracy is required 0.2 nt/bit for the magnetometer and the sensitivity of 0.5 degree/bit is required for the SAS to determine for the attitude of a rocket in the accuracy of 1 degree. In order to attain such a purpose, the MFM of the height sensitivity tri-axial fluxgate magnetometer and the SAS are loaded on the SR-10 sounding rocket.
Instrument of MFM and SAS

Principle of MFM
A magnetometer is a sensor aiming at measuring the intensity and the direction of a magnetic field. A variety of magnetometer exist according to the purposes, such as strength of a measuring object magnetic field, an exception of exchange and a direct current, measurement environment. For example, there are a magnetometer using a coil, a flux gate, a Hall device, a magneto-resistive effect element, a magnetic impedance element (MI element), a proton magnetometer using magnetic resonance, and a SQUID magnetometer using a superconductivity quantum interference element, etc. When the coil is placed on the stand and the intensity of the magnetic field is changed, it is also having used the characteristic which electromotive force induces in a coil by electromagnetic induction. If a coil is moved near the iron magnetized by the geomagnetic field, the intensity of the magnetic field of the direction of an axis of a coil will change, and electromotive force will be induced. This electromotive force is proportional to the rate of change of the intensity of the magnetic field of the direction of an axis of a coil. It is the easiest principle for such a method to measure a magnetic field.
The measurement principle of the flux gate magnetometer which can measure the intensity and the direction of a magnetic field are mainly explained. The sensor of a flux gate type magnetometer winds a primary coil and a secondary coil around the core (iron core) made with the magnetic material with high amplitude permeability like a permalloy. This is the same as that of a transformer, if a core is magnetized by driving the current of exchange through a primary coil, magnetic flux will occur in a core, and induced electromotive force occurs in a secondary coil because this magnetic flux changes in connection with an external magnetic field. It is the general measurement principle of a flux gate type magnetometer which measured the intensity of the external magnetic field from the output current of this secondary coil. The B-H curve of a permalloy and the waveform of an exchange magnetic field is shown in Fig. 1 . If current I exchange (sine wave) of frequency f, H will also become the same sine wave form. Although B also changes on frequency f fundamentally, the peak of the positive/negative of B adjusts the amplitude of H in this case so that it may be saturated and may be crushed a little. If a geomagnetic field referred to especially as H0 is further added to this permalloy, in the magnetic field, only that part inclines toward one side, the following Fig. 1(b) . The peak of one side is crushed strongly and the waveform of B by this will become asymmetrical, the following Fig. 1(c) . H0 can be measured by detecting this asymmetric (distorted) degree. As an asymmetric standard, the amplitude of the sine wave of the 2f ingredient contained there is used. That is, if two sorts of sine wave forms (solid line), f and 2f, are arranged as shown in a Fig. 1(d) , and they are set in addition, like a dotted line, a positive peak will fall and a negative peak will become large as an absolute value. The ratio of a 2f ingredient to f ingredient becomes large, so that wave- like asymmetry becomes strong (so that H0 is large). Although the induced voltage of the secondary coil naturally also contains a 2f ingredient, it becomes the amplitude proportional to the strength H0 of the magnetic field. In fact, since the output of the secondary coil also includes a lot of the even harmonics, it needs to extract only the secondary harmonics ingredient from the output signal. Therefore, the amplitude of 2f is detected through a band pass filter and the strength H0 of a magnetic field will be obtained.
The MFM is a highly sensitive fluxgate magnetometer of an analog type which uses the small and lightweight ring core as a sensor. The fluxgate magnetometer consists of a small, magnetically susceptible, core wrapped by two coils of wire. An alternating electrical current is passed through one coil, driving the core through an alternating cycle of magnetic saturation; i.e., magnetized, un-magnetized, inversely magnetized, un-magnetized, magnetized, etc. This constantly changing field induces an electrical current in the second coil, and this output current is measured by a detector. The fluxgate magnetometer consists of a "pickup" (secondary) coil surrounding an in "drive" (primary) coil that is wound around the permeable core material, generally. In a magnetically neutral background, the input and output currents will match. However, when the core is exposed to a background field, it will be more easily saturated in alignment with that field and less easily saturated in op- position to it. Hence the alternating magnetic field, and the induced output current, will be out of step with the input current. The extent to which this is the case will depend on the strength of the background magnetic field. Often, the current in the output coil is integrated, yielding an output analog voltage, proportional to the magnetic field. A simplified block diagram of the MFM is shown in Fig. 2 and a principle of the operating signal is shown in Fig. 3 . The analog signal-processing circuit of a magnetometer consists of an amplifier (AMP), a band path filter (BPF), a phase sensitive detector (PSD), and an integration circuit. The signal from the fluxgate is an amplitude-modulated suppressed carrier signal that is synchronous with the second harmonic of the excitation signal. The circuitry to the left of the sensor is called the excitation circuit. The oscillator provides the excitation current to the drive coil by the frequency f. The circuitry to the right of the fluxgate is called the signal channel circuits. It amplifies the output from the fluxgate signal winding, synchronously demodulates the AC signal using the oscillator signal as a reference. Then the signal is filtered a band pass filter operating at 2f resonance frequency to eliminate odd and higher even harmonics signals detected by the pickup coil. The output signal from band pass filter integrates and amplifies the base band output and then feeds back the output through a resistor to the signal winding. The feedback signal produces a magnetic field inside the sensor which opposes the external field. This keeps the field inside the sensor near zero and in a linear portion of the magnetization curve of the ferromagnetic core. Under these circumstances, the transfer function becomes almost completely determined by the ratio of the feedback resistor to the current-to-field coil constant of the sensor winding.
Both of these constants can be very well controlled. The consequence of this circuit topology is a highly stable and accurate magnetometer that is insensitive to circuit component variations with temperature or time. The timing chart of the MFM data output are shown in Fig. 4 . CS (Clear to Send) of the sign in a figure means the signal whose transmission is enabled. Moreover, that the bar is attached on CS means that this signal can transmit the extraction data in which between low synchronized with the time signal. However, it is unable to perform extraction and transmission of data, during this signal is high. CLK (Clock) of a sign means the time signal which is needed in order to extract data. DATA of a sign means the signal of the measurement data extracted in connection with a time signal. In this figure, the falling edge of the clock pulse is the timing to send the data and the rising edge of the clock pulse is the timing to strobe the data.
Theoretically, the highly sensitivity magnetometer is designed measure the magnetic field of −65,535 nT to +65,535 nT with the voltage of 0 V to 5 V. However, a fluxgate magnetometer is a measuring device which performs relative measurement of a magnetic field. Therefore, the calibration test is done using highly precise tri-axial Helmholtz coils in Kakioka Magnetic Observatory about the high sensitivity magnetometer of the completely same S-520-26 sounding rocket as SR-10 rocket. As a result, the relation between the output voltage of a magnetometer and the strength of a magnetic field express as follows equation. A conversion type is the same formula as the three axes of X , Y , and Z (Takahashi et al., 2011) .
F: strength of a magnetic field; V (nT): voltage (volt). 
Specifications of MFM
The MFM system used in this rocket experiment is a triaxial fluxgate magnetometer with ring-core sensors. It has detectable the geomagnetic field range of ±65,535 nT and high sensitivity of 0.2 nT/bit for each axial component. The specification of MFM is shown in Table 1 . The picture of the MFM sensor unit and the electronic circuit unit is shown in Fig. 5 .
However, in the rocket observation by 2008 in Japan, it had detectable geomagnetic field range of ±50,000 nT and high sensitivity of 1.8 nT/bit for each axial component same as a fluxgate magnetometer. The z axis of the sensor is aligned to the rocket spin axis, and the x and y axes are located with orthogonal angle on perpendicular plane to the spin axis of the rocket. The x, y and z components of geomagnetic field in the vehicle coordinate system are measured every 2.5 ms and the data is transmitted by onboard PCM telemeter. However, since the MFM uses the sub-communication transmit system of the telemeter, it is every 10ms that the three components data of the MFM are assembled. The MFM sensor has to load on the top of the payload part as much as possible, in order to avoid a magnetic bias which induced by the sounding rocket body and the current of the other observation equipment. An example of MFM sensor of S-520-23 sounding rocket loaded on the top of the payload part is shown in Fig. 6 . It is necessary to measure the magnetic bias of a rocket in the various modes during the flight, after the vibration test and the impact test are completed. It becomes to bears an important role to analyze the measurement data, after the rocket was launched.
The fluxgate magnetometer was loaded on the all observation rockets, the large-sized solid fuel rocket for the satellite launch, and various observation satellites which ISAS/JAXA launched over about 55 years, and the attitude measurement of a vehicle to geomagnetic field has been performed besides the physical observation of geomagnetic filed. And the point which is the measuring device stabilized in simplicity, small lightweight, low power consumption and hardy structure is the greatest strong point, so that there is no fault at once. The only weak point is being easy to be influenced by the magnetic bias and the noise which induce from a rocket body, various pieces of observation equipment, especially an electromagnetic valve, an actuator, and a motor, and so on.
Principle and specifications of SAS
The SAS measures the angle between the spin axis of the rocket and the direction of the sun, in order to determine the rocket attitude. Although the special order made solar sensor using the 7 bits gray code has been used for a long time, since the manufacture cost is becoming high every year, the maker stopped manufacturing the element of the solar sensor made with the photodiodes using vacuum depo- sition technology, about ten years before. It had detectable the sun angle range of ±60 degrees and the accuracy ±1 degree, in the elevation angle. Seven years ago, the prototype of the SAS which utilized the CMOS linear image sensor was developed by the students of Tokai University in the student rocket experiment project which launched the rocket in Alaska on 2003. Then, a company Tierra Tecnica has come to produces commercially and it has come to be loaded from the observation rocket which ISAS launched on 17 January, 2007. It has the detectable the sun angle range of direction range of ±60 degrees and the high sensitivity of 0.5 degree/bit.
MFM Sensor
SAS Sensor
The CMOS image sensor S38378-1024Q made from the Hamamatsu Photonic K.K. uses for the SAS. The CMOS linear image sensor designed for image input or optical sensing applications. This sensor operates from 5 V single power supply with only start and clock pulse input. The signal processing circuit has a charge amplifier with excellent input/output characteristics and allows signal readout at 500 Hz. The element of this sensor has a pixel pitch of 25 µm at 1024 pixels. It is very easy to use this sensor because of built-in generator and single processing circuit. The simplified measurement principle and the block diagram of the SAS by a CMOS linear image sensor are shown in Fig. 7 with a photograph. The outline view of the CMOS linear image sensor S8378-1024Q is shown in Fig. 8 , also. It was set on the image sensor that was the filter like as a sunglass in order to decrease solar light volume and the thin board with the narrow slit which focuses the sun light to raise the accuracy of the active pixels position where the sun light hits. If sunlight shines upon a pixel with an image sensor, the video output signals (INT1 and INT2) of the both sides of a threshold established in order to determine for the central position correctly will be inputted into the CPU onboard, and the solar injection angle θ will be outputted as a 16-bit digital signal. The specification of the SAS is shown in Table 2 . The time chart of the SAS data output are shown in Fig. 9 . CS (Clear to Send) of the sign in a figure means the signal whose transmission is enabled. Moreover, that the bar is attached on CS means that this signal enable to transmit the extraction data in which between low synchronized with the time signal. However, it is unable to perform extraction and transmission of data, during this signal is high. CLK (Clock) of a sign means the time signal which is needed in order to extract data. DATA of a sign means the signal of the measurement data extracted in connection with a time signal. In this figure, the falling edge of the clock pulse is the timing to send the data and the rising edge of the clock pulse is the timing to strobe the data. The picture of the SAS sensor unit and the electronic circuit unit is shown in Fig. 10 . The SAS must be installed as much as possible near the nose faring of the rocket, and it must be installed the SAS that it may not be influenced by the reverberation from the each base plate and the frame to mount the observation equipments, the observation instruments, antenna, and the sensor. Of course, it is necessary to calibrate the SAS correctly using the high accuracy solar simulator. The SAS loaded on the payload parts of S-520-23 rocket under the MFM is shown in Fig. 6 .
It is required to spin the rocket for the SAS, because, the slit of sun sensor have a narrow wide range of ±10 degrees to an azimuth direction of the rocket body. In order to measure the solar injection angle with sufficient accuracy, it is necessary to determine individually the kind of filter which controls the threshold value of an output signal according to each CMOS linear image sensor characteristic. This has been a little weak point for the SAS. However, it is advantages that it is very easy to operate with it, since the SAS adapting the CMOS linear image sensor marketed is very simple for a system, and it can be made at low price.
Attitude Determination Method of Rocket Using MFM and SAS
It is one of the most essential measurements to determine the attitude of a sounding rocket during the flight for the engineering of sounding rocket stabilities and for the analysis of the physical observations data.
The attitude is defined by the specification of three rotation angles that are Euler angle, relating the rocket axes to a known coordinate system. Most rockets are spun about its principal moment of inertia and spin axis generally coincides with the longitudinal axis. One type of aspect sen- sor measures the angle between the spin axis between spin axis of the rocket and the external physical objects or fields, such as the sun, the earth or the geomagnetic field. If three different sensors give the tip angles, the orientation of the rocket axis can be determined with an unambiguous solution. However, the use of only two different sensors is preferred, though it produces two-solution ambiguities, since one solution can be eliminated by physical arguments, and economy of space and cost is significant (Tohyama et al., 1988) .
The outline of the rocket attitude determination system from the measurement data of the MFM and the SAS is shown in Fig. 11 . It is called the two intersection method. The MFM measures the geomagnetic angle defined by α m between the rocket spin axis and the geomagnetic field line. In Fig. 11 , the sun direction is defined by the vector S (φ s , δ s ) and the direction of the geomagnetic field line defined by M (φ m , δ m ). The SAS measures the sun angle defined by α s between the rocket spin axis and the sun direction, also. If the coordinates of the vector S and M are known in a suit- able coordinate system (X, Y, Z ) and two sensor angle, α s and α m are measured that angle between S and R 1 or R 2 , and M and R 1 or R 2 respectively, the possible orientations of the rocket axis, R 1 and R 2 are at the points of intersection of two cones tracing out the circles of radii α s and α m on the celestial sphere. In general, the direction of R is at two points, R 1 and R 2 . The methods to eliminate one solution are considered by pursuing the past history of the solution from launch or by measuring angular phase φ sm between S and M or by deciding from the direction of conical rotation and so on. Therefore, if the only one aspect sensor is not loaded on the rocket, for example, the only SAS is loaded on the rocket for the aspect sensor, the direction R is given at many points on a circle of angular radius α s circumscribing S. The azimuth elevation coordinate system (X, Y, Z ) was frequently used with the origin O corresponding to the launching points. Now the coordinates of S (φ s , δ s ), and M (φ m , δ m ), where φ is the azimuth and δ is co-latitude in the XY Z coordinate system, are known and the two sensor angles α s and α m are measured, then direction of R (φ r , δ r ) express as follows equations (Tohyama and Aoyama, 1981) .
Where angle α is defined as follows formulas.
An angle of α sm is the angular distance between S and M on the celestial sphere. The sensor angle α s and α m can be translated into the angle within π/2 supposing that the vectors replace the direct opposite directions in a sphere when the sensor angles are more than π/2. In general, the vector S and M are located in a hemisphere and the angles α sm , β and γ may take the value within π. From Eq. (3), angle α is two solutions and these are corresponding to the two cones intersecting solutions R 1 and R 2 in Fig. 11 .
Summary Results of the Latest Rocket Observations
4.1 Results of S-520-23 rocket S-520-23 rocket was launched at 19:20:00 JST on 2 September, 2007 from KSC by 137.5 degrees of the azimuth angle, and 77.5 degrees of the elevation angles. The MFM and the SAS were loaded on S-520-23 to measure the flight attitude of the rocket and the geomagnetic field by the high resolution, in order to observe movement of the neutral atmosphere at an altitude of 100-300 km of the middle and low latitude thermosphere, and the ionization atmosphere under the situation where ionosphere turbulence has occurred and to solve synthetically the quantity-of-motion transport process in the atmosphere in a super-high-rise by the rocket observation. Such MFM and SAS are completely the same as that of the equipment carried in SR-10 sounding rocket. The magnetic measurement range of each sensor of the MFM has ±50,000 nT, measurement accuracy has about 1.8 nT/bit, and in order to avoid the magnetic disturbance from the rocket body, or the other observation equipment, the sensor of the high sensitivity magnetometer is mounted on the top of the payload part. Moreover, the SAS use the 1024-bit type CMOS linear image sensor, and the range of measurement is ±60 degrees, and the accuracy is about 1 degree. The telemeter consists of 8 bits per channel, each sensor of the MFM uses 16 bits of two channels, and the SAS is using 8 bits of one channel and the sampling speed of the telemeter is 2.5 ms.
The magnetic bias measurement examination of S-520-23 was done using magnetic shield room at ISAS/JAX, after the vibration and the impact tests. As a result, the magnetic bias was X = 1152.5 nT, Y = −8.5 nT, and Fig. 12 . The rocket began to rotate at X + 3 seconds, that means 3 seconds after a launch, and the spin become to about 1.93 Hz at X + 40 seconds. After the spin rate decrease to about 0.96 Hz by the Yo-Yo de-spinner released at X + 48 seconds, further, the spin is decreasing to about 0.93 Hz also by nose cone opened at X + 55 seconds. The spin is constant after that till X + 490 seconds which begins to rush into the atmosphere. In addition, it is measured very small change of the spin data accompanying change of the moment of inertia by the separation of the daughter observation part from the mother observation part with the rocket motor at X + 358 seconds, till X + 490 seconds. Moreover, the characteristic spin phase angle from X + 45 seconds to X + 60 seconds is shown in Fig. 13 . The spin phase angle is determined by X and Y sensors output of the MFM.
Results of attitude
The sun angle of the rocket spin axis and the solar direction which were obtained from the output of the SAS and the geomagnetic angle of the rocket spin axis and the geomagnetic field line are shown in Fig. 14 . It is measured the precession angle about 16 degrees from peak to peak, and the period of the precession is measured about 120 seconds from X + 48 seconds to X + 358 seconds. It is measured after the rocket motor separation that the corning cycle is about 6 seconds and the half corning angle is about 1.4 degrees from X + 358 seconds to X + 490 seconds which rushes into the atmosphere. These results are mainly obtained from the geomagnetic angle data.
Of course, the SAS was operated normally and the data of the sun angle was acquired successfully, too. It becomes possible the sun shine on the SAS after opening a nose cone at X + 55 seconds. However, the sunlight began to inject on the SAS at X + 69 seconds after the altitude reached to near about 100 km because of the early morning. Both the sun angle and the geomagnetic angle show the same change for the attitude of the rocket. Figure 15 shows the absolute attitude of the rocket corresponding to the angles of the azimuth and the elevation for which is determined by these two data and the position data of a rocket. The three-dimensional graph which displayed the rocket attitude on the surface of a sphere coordinate is shown in Fig. 16 , too. Furthermore, a scene of the rocket attitude animation of the three dimensional computer graphics system is shown in Fig. 17. 
Result of S-310-37 rocket
S-310-37 rocket was launched from KSC at 11:20:00 JST on 16 January, 2007 by 137.5 degrees of the azimuth angle, and 77.5 degrees of the elevation angles. The main purposes of this experiment are to solve synthetically the phenomenon in which the rise of local electron temperature has occurred in the ionosphere in the time zone around 11:00 a.m. of the winter in the middle and low latitude, by the rocket observation. Both the MFM and the SAS of the same specifications as S-520-23 were loaded on this rocket, too (Takahashi et al., 2008a, b) . Figure 18 shows the magnetogram at the Kanoya Magnetic Observatory on January 16, 2007. The sounding rocket was launched while the center of Sq current was coming near the longitude of KSC based on the data of the Kanoya Magnetic Observatory. Figure 19 shows the outline view of the orbit for S-310-37 rocket, and the appearance of the positions which detected the characteristic phenomenon in the geomagnetic field.
As a result of analyzing measurement data in detail, it had detected the remarkable magnetic field deviations about 35 nT to Z component sensor output whose altitude is about 87.2 km near for X + 98 seconds at the ascending time, and the same as ascent, it had detected about 46 nT to Z component sensor output at the descending time whose altitude is about 99.8 km near for X + 289 seconds. The influence of a spin and a precession etc. is removed from observational data, and the deviation of the Z component on the rocket is absolutely converted to the perpendicular component of the geomagnetic field at the ascending time of the rocket. The remarkable geomagnetic field deviation of the Z-component (delta Z) is shown in Figs. 20 and 21 , respectively. These data has very well correspondence with the measurement data of the electron temperature or the plasma using the observation data from the Suprathermal Plasma Analyzer (SPA), the Fast Langmuir Probe (FLP), the Fixed Bias Probe (FBP), and the Temperature Electron Langmuir probe (TEL) on the S-310-37 rocket (Abe et al., 2008; Shimoyama et al., 2010) . Although it is thought that it measured like a rushes currents in the vertical direction along the field line, we can not a concrete conclusion, now.
However, the measurement time is very short when the remarkable geomagnetic deviation was detected. There is only 0.02 seconds from X + 93.778 seconds to X + 93.798 seconds at the time of ascent and only 0.03 seconds from X + 289.038 seconds to X + 289.068 seconds at the time of descent.
Although the sampling rate of the MFM was 0.01 second, there is concern that there are very few amounts of data which detected the remarkable geomagnetic deviations, and it is going to just advance analysis and examination, scrutinizing measurement data carefully including the analysis result of other observational data.
Future Improvements
The MFM loaded on S-520-23 and S-310-37 measured with the sampling rate of 400 Hz. However, it is every 10 ms (100 Hz) that the three components data of the MFM are assembled, since the MFM uses the sub-communication transmit system of the PCM telemeter. Therefore, sufficient data which is needed for the physical analysis was not able to be acquired, unfortunately. Therefore, if it takes into consideration that the speed of a rocket is about 1-2 km/s in order to solve a spatial structure of Sq current by the observation of a rocket, it is necessary to raise the sampling rate of the telemeter data to 800 Hz or more. In order to be able to load on the MFM as many rockets and many small size satellites as possible, it is necessary to develop the small and the light-weight magnetometer of the low cost which has the high sensitivity, the high stability, the lower power, and the strong in the noise by the digitization of a signal-processing circuit, more than former.
Furthermore, it is necessary to observe simultaneously using the rocket, a low orbital satellite, and the ground multi-point geomagnetic observation network, in order to clarify the three-dimensional structure of the Sq current system including the field aligned current which connects the Sq eddy current center of both hemispheres.
